The relativistic symmetries of Dirac equation with a spinorbit coupled with Hulthen potential under Coulomb-like tensor interaction have studied. The energy eigenvalues and the corresponding eigenfunctions of this system for the spin and pseudospin symmetries have also been obtained using the parametric generalization of Nikiforov-Uvarov method. Also, in this work, the numerical bound state energy for pseudospin symmetry with fixed pseudo coupling constant has been computed.
Introduction
The Dirac equation can be solved in both spin and pseudo-spin (p-spin) symmetric limits. In nuclear and hadronic spectroscopy.
The spin and P-spin symmetries of the Dirac Hamiltonian can be recognized empirically [1] . The spin symmetry bears significance in studying meson-meson interactions [2] whereas the p-spin symmetry is relevant in studying deformed and super deformed nuclei in the shell-model of nuclear models [3] [4] [5] . The spin symmetry occurs when the differences between the scalar ( ) , n l and j are the single nucleon radial, orbital and total angular momentum quantum numbers respectively [8] [9] [10] . Also, in P-spin symmetry, the total angular momentum j l s = +   where 1 l l = +  is the pseudo-angular momentum and j  is the P-spin angular momentum [11] . The exact P-spin symmetry is discussed in the relativistic harmonic oscillator potential and in Woods-Saxon potentials by Chen et al., [14] . An overview of the P-spin symmetry can be found in Ref. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Lisbon et al., [12] have studied a and a spinorbit coupling (SOC) is added to the Dirac Hamiltonian [13, 25, 26] .
Aydogdu and Sever [27] obtained exact solutions of the Dirac equation for the pseudo-harmonic potential in the presence of a linear tensor interaction under the P-spin symmetry and showed that tensor interactions remove all degeneracies between numbers of P-spin doublets. Over the past few years, the Schrödinger, Klein-Gordon (KG) and the Dirac equations have been solved for various types of potential models by difference authors with different methods [50] [51] [52] [53] [54] .
The Hulthen potential, being a short-ranged potential, [55] [56] [57] is a special case of the multi-parameter exponential-type potential model [58, 59] . It is of the form [60] 
where 0 V is the amplitude of the potential,α is the screening parameter, which characterizes the range of the potential.
Accordingly, the SOC interaction is defined as 
The Nikiforov-Uvarov (NU) method
The Nikiforov-Uvarov (NU) method was presented by Nikiforov and Uvarov [50] and parameterized by [61] to solve linear secondorder generalized parametric differential equations, usually of hypergeometric-type of the form 
Solution of the Dirac equation
The Dirac equation for fermionic massive spin-½ particles moving in the field of an attractive scalar ( ) S r , a repulsive vector ( ) V r and a tensor ( ) U r potentials (in natural units
) is given by the following matrix equation
As a matter of convenience, we introduce the spin-orbit operator
where L is the orbital angular momentum operator.
The eigenvalues of the spin-orbit operator are
for un aligned spin 
In the Pauli-Dirac representation, the spinors are written as
where n F κ and n G κ are the upper and lower radial wave functions respectively and ( ) 
Since the spin (½) and the orbital angular momentum ( ) l are coupled to the total angular momentum j , we give the explicit form of the ( ) , l jm Y θ ϕ for the useful cases
where the above root functions result from an explicit computation of the (CG) coefficients. The p-spin spherical harmonics are likewise given by
where
become the unaligned p-spin spherical harmonics, respectively.
By substituting Eq. (10) into (9) and making use of the following
, ,
One obtains the two coupled differential equations whose solutions are the lower ( )
By eliminating
from Eqs. (16) and (17), we obtain the two Schrödinger-like differential equations for the upper and lower radial spinor components
Spin symmetric limit
In the spin symmetric limit, z denote the charges of the projectile a and target nuclei b , respectively [11, 13] .
Thus, Eq. (20) takes the form:
To deal with the centrifugal barrier, we use a new improved approximation scheme of the form [63] ( )
Thus Eq. (24) takes on the more analytic form
By using the transformation 26) is transformed into the following hypergeometric type equation:
With the following identifications (5), we obtain the following parameters 
Thus, energy eigenvalues equation for the Dirac particle states is obtained as
The reality of the eigenvalues can be implied by imposing the 
To obtain the lower spinor, we rewrite Eq. (16) as 
P-spin symmetric limit
It has been shown by [7] that there is a connection between P-spin 
Therefore, if one chooses the following parameters 
The negative energy solution of Eq. (40) in the P-spin symmetric
can be obtained directly via the symmetric solution by making the following parametric mappings.
Following the above procedure, we obtain the energy spectrum for the Dirac hole states in the presence of P-spin symmetry as
The allowed values for the adjustable parameter are now ( ) 
respectively with
Numerical Computation
The numerical computation for the proposed potential is suitable for the description of both particle (negative values) and anti- 
Conclusion
In this paper, we have investigated Dirac equation within the framework of spin and pseudospin symmetries for a spinorbit coupled Hulthen potential including Coulomb-like tensor interaction. We have also obtained the energy levels and corresponding Dirac spinors( lower and upper wave functions) of this potential using the NU method with the new approximation scheme introduced by Dong [63] . Our results would be of great significant in the study of meson-meson interaction and would find Table 1 : The energy of pseudospin symmetry for a spin-orbit coupled potential including a Coulomb-like tensor interaction for Table 3 : The energy of pseudospin symmetry for a spin-orbit coupled potential including a Coulomb-like tensor interaction for Table 4 : The energy of pseudospin symmetry for a spin-orbit coupled potential including a Coulomb-like tensor interaction for 
